The modern nuclear submarine, with the length of patrol it is now expected to carry out, has one of the most unnatural environments of any in which men are required to live and work. Some of the less obvious physiological stresses that a Polaris deterrent defence policy forces on the crews are unique so far. They emphasize the changing concepts of military medicine and at the same time provide a captive population which is available for study. Nevertheless, ten years' experience in the Royal Navy and sixteen years or so in the US Navy have produced few frank clinical problems (Wilkin 1969 , Davies 1971 ). This may be due to the superb engineering in these ships; however, an attempt is made here to discover, in one or two spheres only, whether it is as easy as it seems to subject men for long periods to these conditions and get away with it, or whether there is a morbidity underlying this type ofservice, either which has not yet been seen in the time scale involved or which we are using the wrong techniques to demonstrate.
To determine which specific aspects of this new environment may be significant to a man's health it is necessary to consider how a nuclear submarine differs from a diesel-powered submarine. It is much bigger, it contains a nuclear reactor, and it is infinitely more powerful than a diesel submarine but the essential point is its submerged endurance. With a source of power independent of oxygen, propulsion endurance is almost limitless. The diesel submarine, battery powered when diving, must surface or snort to run its diesels and recharge as soon as the batteries are exhausted. This implies that air purification has never been an important consideration. In other words the conventional submarine is essentially a submersible surface ship (Lambert 1971) whereas the nuclear type is a true submersible. Submerged endurance is limited principally by food stowage, and to a lesser degree by ability to revitalize atmosphereplus the endurance of the crew.
The main factors of the environment that affect endurance are control of radiation, control of the atmosphere, epidemiological and microbiological control, climatic control, and psychological factors. The first and last of these have been adequately described elsewhere (Lambert 1968 , Ninow 1962 .
Control of the atmosphere involves considerably more than supplying oxygen and removing CO2 -the basis of life support systems encountered elsewhere (Schillaci 1965 , Lambert 1970 . While these are vital, the atmosphere in a large totally sealed vehicle reflects over a period of time practically every structural material used to build her, every store item carried and every activity carried out within her, in addition to the metabolic gases produced by her crew. Thus we must consider the total ecology within the submarine if we are to unravel the picture that its atmosphere presents. Over 400 hydrocarbon groups alone have been identified (Saunders & Saalfield 1965) ranging from harmless to very toxic indeed. Control of this atmosphere is achieved in several ways:
(1) Machinery is installed to produce oxygen, remove carbon dioxide, and to burn up or absorb a number of other contaminants.
(2) The atmosphere is continuously analysed on board to keep the key gases within acceptable limits.
(3) Samples are taken periodically for subsequent analysis ashore of other gases, vapours and particulate matter. (4) A tight screen is maintained on all construction materials and stores carried. 796 Proc. roy. Soc. Med. Volume 65 September 1972 One obvious question that must follow is what atmospheric limits should be worked to. Until the last few years very little was known about safe limits for long continuous exposure to toxic gases. A wealth of material exists for the 40-hour working week (Ministry of Labour 1965) but this refers to intermittent 8 h/day exposure, and while for some compounds a straight reduction by a factor of 4 may be applicable, for many it is not. In practice, for some gases where the derived limit on this basis would impose an impossible burden on the designer, the concept of threshold limit values used in toxicology generally has had to be replaced by one which allows metabolic changes to occur but keeps these reversible on a time/concentration rationale.
Microbiological studies carried out in nuclear submarines are discussed by Mr Morris (see p 17). A submarine crew is a closed community and its epidemiology is analogous in some respects to the few remaining closed communities elsewhere. From a hygiene and microbiological viewpoint it is much more complex than this. The crew live at very close quarters and a ready exchange of body flora occurs. The climate is relatively constant and the atmosphere contains many chemical contaminants, both of which factors may influence the survival of organisms. There is an absence of the normal bactericidal effect of ultraviolet light, but some of the air purification machinery may more than adequately compensate for this. Lastly, the crew may be intermittently exposed to airborne concentrations of enteric microorganisms to a much higher level, and for longer, than elsewhere.
Climatic control is important not only in its own right but also as a factor which may modify or alter the effects of other physiological stresses. Air conditioning is particularly vital when a submarine is submerged. Conventional submarines have lacked the electric power to deal with this. The nuclear submarine has plentiful electric power, but contains a reactor that generates vast quantities of wild heat, and a steam turbine producing even more heat and usually leaking steam. Thus, without the ability to blow the heat and moisture overboard, air conditioning in machinery spaces can never be entirely satisfactory. Some degree of heat stress is therefore often present and, while for most of the crew this is below any clinical level, its presence may be significant in other contexts.
Finally, we must consider whether each, or the sum total, of these stresses is significant. If it is, we have four alternatives: we can accept the risk and do nothing; we can correct the particular environmental factor or factors concerned, but this may be either unduly expensive or otherwise impractical in terms of space or power; we can increase our screening procedures to identify susceptible crew members; or we can consider protective routines, either in diet or in terms of chemical additives or prophylaxis by drugs, to correct the imbalance that our environment has produced.
